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Traditional pulse-echo ultrasonic NDE techniques are useful in the 
evaluation for structural flaws in components manufactured from homogeneous 
materials (i.e. most metals). However, composite materials are often neither 
homogeneous nor isotropic which decreases the sensitivity of traditional 
techniques by making the resultant data difficult to interpret. Composite 
materials also tend to attenuate the ultrasonic energy to a greater degree than 
metals decreasing the signal-to-noise ratio needed for confident flaw detection. 
The attenuation is attributed to the absorption of energy by the matrix and the 
scattering of energy due to the inherent scatterers in the system such as fibers 
and small voids or porosity. For very thick composites these difficulties are 
amplified. In addition, a component of the attenuation due to ultrasonic beam 
spreading increases with thickness. As the beam spreads, spatial resolution is 
lost as well. 
In an attempt to devise a better NDE method for evaluating composite 
materials, the United Technologies Research Center (UTRC) has developed a 
multiparameter ultrasonic evaluation system. 
MULTIPARAMETER ULTRASONIC NDE SYSTEM 
The UTRC system, shown in Figure 1, addresses composite material 
inspection difficulties by utilizing several techniques which include: 
• Dual frequency tone-burst attenuation 
• Spike-pulse reflected amplitude 
• Spike-pulse reflected time-of-flight 
• Backward and forward scattered amplitude 
The attenuation, reflected amplitude and time-of-flight techniques are 
applied simultaneously during an evaluation by interleaving the two tone-
burst, and spike-pulse drive signals.! Currently the scattered amplitude 
measurements are separately applied. Additional peak detectors and receivers 
will soon be installed, so that these measurements can be applied simultaneously 
with the other methods. Up to 18 channels of data are simultaneously acquired 
at repetition rates determined by the number of data samples along a scan line 
and the scan speed. Scan speeds up to 37 em/sec. and sample intervals as fine as 
0.0025 em are separately possible, but the combination is limited by ultrasonic 
"wrap around". 
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Figure 1. Multiparameter Ultrasonic Evaluation System 
A Hewlett-Packard (HP) 360 computer is the system controller and is 
responsible for the set-up of the ultrasonic equipment, scanning facility, data 
acquisition, and real-time display of a selected data channel. After an 
evaluation is completed, the data sets are ported to an HP 319c+ color workstation 
for post-scan imaging and archiving of the data. 
Up to six transducers can be utilized at one time during an evaluation. Two 
transducers placed on opposite sides of the structure are used for the through-
transmission attenuation, reflected amplitude, and time-of-flight measurements. 
The transducer used as the receiver for the tone-burst signals is also used as the 
transmitter/receiver for the spike-pulse signals. The other four transducers 
are equally spaced in a circular array, with each having 100 polar angles to the 
surface normal. The array is used to acquire the scattered amplitude 
measurements. Its location on either side of the specimen depends on the 
scattered amplitude technique, backward or forward, desired. 
The system is typically operated in a frequency range of 0.5 - 50.0 MHz. 
Wideband transducers are always employed. The broadband nature of the 
system and high power excitations of the transducers allow for the evaluation of 
a variety of composite parts [1,2]. 
ULTRASONIC METHODS 
Dual Frequency Tone-Burst Attenuation 
The dual frequency tone-burst attenuation technique is used to discriminate 
among various flaws and differentiate them from the inherent scattering due to 
the reinforcing fibers. Critical structural flaws may include delaminations, 
high volume porosity, broken fibers, cut or wavy plies. The attenuation is 
measured in through-transmission using tone-burst excitations (10 or more 
cycles) at two distinct frequencies. The dual frequency attenuation 
measurements, at each data sample interval, provide the attenuation versus 
frequency information which is used for the characterization of scatterers. The 
frequency dependence parameter of interest, is due only to scattering from 
within the material. The attenuation due to the reflection at the composite-
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water interface is subtracted from the measurement. The system is calibrated, at 
each ultrasonic frequency, over a dynamic range of 40 to 60 dB before each 
scan. The calibration accommodates corrections for all system nonlinearities as 
well as water path losses. From scattering theory, [3-16] the attenuation, a , can 
be represented by the following equation; 
a=Cfn ( 1 ) 
where C, a constant, is the longitudinal scattering factor, f is the measurement 
frequency, and n is the frequency dependence parameter for the attenuation. 
According to theory [3-16] which relates the characteristic dimension of the 
scatterer, D, relative to the ultrasonic wavelength, A. , n should lie between 0 (the 
diffusion regime) and 4 (the Rayleigh regime). For very small spherical 
scatterers (porosity), n should be 4. For very large scatterers (delaminations, 
large voids) a value of 0 is expected for n. 
Spike-Pulse Reflected Amplitude and Tjme-of-Fii~ht 
The spike-pulse reflected amplitude and time-of-flight (TOF) techniques 
provide a capability to determine the depth of scatterers within a structure. A 
computer-controlled Systems Research Laboratories 1712A ultrasonic 
instrument, configured with two complete ultrasonic measurement channels, is 
used for these measurements. The 1712A has 8 digital gates which are typically 
positioned in time between the front and back surface echoes. At each data 
sample interval the amplitude of the peak signal within each gate and the TOF 
from a surface to that peak is measured and stored in the computer for imaging. 
The TOF resolution is 20 ns which corresponds in thickness to a typical single 
ply of graphite/epoxy. The two channel 1712A also provides the capability to 
perform simultaneous measurements from both sides of a structure. 
Backward and Forward Scattered Amplitude 
The backward and forward scattered amplitude techniques provide a 
capability to resolve near surface and off-angle features as well as increase the 
system sensitivity to scatterers within unidirectional ply composite systems. A 
4-transducer array, surrounding either the transmitter or receiver used for the 
tone-burst measurements, is used for these measurements. The array of 
transducers is used to measure the amplitude of the ultrasound scattered out of 
the original beam path. The amplitude of the backward scattered signal is 
measured by positioning the array on the same side of the structure as the 
transmitter, while the forward scattered amplitude measurement requires the 
array to be positioned on the opposite side [1,2]. Either backward or forward 
scattered amplitude measurements, but not both, are possible during a given 
scan. 
EXAMPLE DATA 
Graphite/Epoxy Impact Specimens 
The specimen, a 5.8 em thick graphite/epoxy specimen measuring 10.2 em 
along the two equal sides, is constructed from unidirectional plies in a quasi-
isotropic arrangement (0, ± 450). In addition, a 1.3 em thick layer of woven 
fabric is located at one surface while a 0.16 em thick weave is located at the 
other. Two of these specimens were positioned next to each other to provide a 
resultant specimen which is nearly square. Figure 2 is an image of the 
through-transmission attenuation (dB/em) for a tone-burst excitation of 3.5 
MHz. Two 2.25 MHz transducers, with 10 em focal lengths, were used to acquire 
the data at an interrupt spacing of 0.02 em. The attenuation is generally 
uniform over the specimens. The diagonal line through the image results from 
the interface between the two triangular specimens. The left hand specimen 
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Figure 2. Attenuation data at 3.5 MHz prior to impact damage. 
has a slightly higher attenuation. The area of highest attenuation, (top left 
comer), is an area of large voids which are visually evident. 
Figure 3 is an image of the attenuation at 3.5 MHz after impact with a 5.1 em 
diameter steel ball bearing. The left specimen was impacted at an energy of 36 J 
and the right specimen at 204 J. The impact damaged areas are indicated by high 
attenuation at the localized impact sites. The attenuation was also measured 
simultaneously at a frequency of 2.5 MHz. 
The frequency dependence parameter, n, is imaged in Fig. 4 . As expected, 
very low values of n are evident in the areas of the impact damage. The left 
Figure 3. Attenuation data at 3.5 MHz after impact damage. 
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Figure 4. Frequency dependence parameter, n, after impact damage. 
specimen shows higher n values in the area that has a higher attenuation than 
the general background in Fig. 2. 
Figure 5 is an image of the spike-pulse reflected amplitude data for the 
impacted specimens. The data is from a layer of material 1.04 em thick 
beginning at a depth of 0.10 em from the impacted surface. However, the 
interrogating pulse entered the specimen from the side opposite the damage and 
traveled through 12.0 em of material before returning back to the transducer. 
Dark shades of gray represent relatively low (weak) level reflectors and light 
Figure 5. Pulse-echo reflected amplitude data from 0.74 em thick layer 
including damage region. 
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shades of gray represent relatively high (strong) level reflectors. The highest 
amplitude reflections occur in the area of the impact. 
Figure 6 is an image of the TOF data which corresponds to the reflected peak 
amplitude data shown in Fig. 5. The lightest shade of gray represents a depth 
of 0.10 em from the impacted surface and the darkest shade a depth of 1.14 em. It 
is evident that the impact damage is located at several different depths. 
Figure 7 is the reflected amplitude from a layer 0.066 em thick beginning 
0.42 em from the impacted surface. Figure 7 is a result of combining the 
Figure 6. TOF data corresponding to amplitude data of Fig. 5 . 
.. 
Figure 7. Pulse-echo amplitude selected from data of Figs. 5 and 6, a 0.066 em 
thick layer. 
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information shown in Figs. 5 and 6 via software and then selecting the layer 
thickness and depth of interest. The data shown in Figs. 2-7 were all acquired 
simultaneously during a single scan. 
Simulated Porosity Specimen 
The data presented in this section were obtained from a unidirectional, 36 
ply, graphite/epoxy plate, 23.9 em by 30.5 em by 0.76 em thick. Glass beads of 
varying numbers were placed in 2.54 em diameter circles between two of the 
mid-plies. The diameters of the beads were between 0.05 and 0.10 em. 
Both dual frequency through-transmission attenuation and backward 
scattered amplitude techniques were used to evaluate the plate. Six 15 MHz 
transducers, with 10 em focal lengths, were used and the data was acquired 
every 0.04 em. Figure 8 is the through-transmission attenuation for a tone-
burst frequency of 15 MHz. The area of the plate evaluated is 8.9 em by 12.2 em. 
Glass beads are indicated in the image within two distinct areas of relatively 
high attenuation. The fibers contribute similar attenuation levels in several 
areas . 
Figure 9 is an image of the backward scattered amplitude generated for the 
same scan area. A spike-pulse excitation of the transmitter was used. The data 
were obtained from one of the transducers in the array with its axis lying in an 
azimuthal plane parallel to the fiber direction. This minimizes the system 
sensitivity to the fibers while increasing the sensitivity to scatterers with facets 
perpendicular to thi s direction. 
CONU..USIONS 
A multiparamcter ultrasonic system has been developed that is capable of 
making several measurements simultaneously during an evaluation. The dual 
frequency, tone-burst, calibrated, attenuation measurements aid in the 
differentiation between various scatterers contained within a composite 
structure. The spike-pulse reflected amplitude and time-of-flight measurements 
Figure 8. Through-transmission attenuation at 15 MHz for specimen with 
simulated porosity. 
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Figure 9. 1 QO, back-scattered, spike-pulse amplitude for same specimen as 
in Fig. 8. 
provide the capability to determine the depth of scatterers. The system also has 
the ability to perform pulse-echo measurements from both sides of a structure 
simultaneously. The backward and forward scattered amplitude techniques 
provide resolution of near surface and off-angle flaws, as well as increase the 
sensitivity of the system to scatterers in unidirectional ply composite systems. 
The broadband and high power characteristics allow the system to evaluate a 
variety of composite systems and thicknesses. 
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